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✐♥tr♦❞✉✐t❡ ❞❛♥s ❬✶❪ ❡t ♣r♦✉✈♦♥s q✉❡ ❝❡s tr❛❝t✐♦♥s ❝♦♥✈❡r❣❡♥t ❞❡ ♠❛♥✐èr❡ ♦♣t✐♠❛❧❡✳
✶✳ ■♥tr♦❞✉❝t✐♦♥
▲❡t Ω Ă Rd✱ d P t2, 3u✱ ❞❡♥♦t❡ ❛ ❜♦✉♥❞❡❞ ❝♦♥♥❡❝t❡❞ ♣♦❧②❣♦♥❛❧ ♦r ♣♦❧②❤❡❞r❛❧ ❞♦♠❛✐♥✳ ❋♦r X Ă Ω✱
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❡q✉✐❧✐❜r✐✉♠ ♣r♦♣❡rt✐❡s ❡①♣r❡ss❡❞ ❜② ❛ ❞✐s❝r❡t❡ ❝♦✉♥t❡r♣❛rt ♦❢ ✭✷✮ ❛♥❞ ✭✐✐✮ t♦ s❤♦✇ ❤♦✇ t❤❡ ❝♦rr❡s♣♦♥❞✐♥❣
❡q✉✐❧✐❜r❛t❡❞ ❢❛❝❡ tr❛❝t✐♦♥s ❝❛♥ ❜❡ ♦❜t❛✐♥❡❞ ❜② ❡❧❡♠❡♥t✲✇✐s❡ ♣♦st✲♣r♦❝❡ss✐♥❣✳ ❚❤✐s ✐s ❛♥ ✐♠♣♦rt❛♥t ❝♦♠✲
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Pr❡♣r✐♥t s✉❜♠✐tt❡❞ t♦ ❈♦♠♣t❡s ❘❡♥❞✉s ❞❡ ❧✬❆❝❛❞é♠✐❡ ❞❡s s❝✐❡♥❝❡s ❙ér✐❡ ■ ❉❡❝❡♠❜❡r ✶✱ ✷✵✶✹
h “ maxTPTh hT ✭✇✐t❤ hT t❤❡ ❞✐❛♠❡t❡r ♦❢ T ✮✱ ❛♥❞ t❤❡r❡ ✐s ❛ ♠❛t❝❤✐♥❣ s✐♠♣❧✐❝✐❛❧ s✉❜♠❡s❤ ♦❢ Th ✇✐t❤ ❧♦❝❛❧❧②
❡q✉✐✈❛❧❡♥t ♠❡s❤ s✐③❡ ❛♥❞ ✇❤✐❝❤ ✐s s❤❛♣❡✲r❡❣✉❧❛r ✐♥ t❤❡ ✉s✉❛❧ s❡♥s❡✳ ❋♦r ❛❧❧ T P Th✱ t❤❡ ❢❛❝❡s ♦❢ T ❛r❡ ❝♦❧❧❡❝t❡❞
✐♥ t❤❡ s❡t FT ❛♥❞✱ ❢♦r ❛❧❧ F P FT ✱ nTF ✐s t❤❡ ✉♥✐t ♥♦r♠❛❧ t♦ F ♣♦✐♥t✐♥❣ ♦✉t ♦❢ T ✳ ❆❞❞✐t✐♦♥❛❧❧②✱ ✐♥t❡r❢❛❝❡s
❛r❡ ❝♦❧❧❡❝t❡❞ ✐♥ t❤❡ s❡t F ih ❛♥❞ ❜♦✉♥❞❛r② ❢❛❝❡s ✐♥ F
b
h ✳ ❚❤❡ ❞✐❛♠❡t❡r ♦❢ ❛ ❢❛❝❡ F P Fh ✐s ❞❡♥♦t❡❞ ❜② hF ✳
❋♦r t❤❡ s❛❦❡ ♦❢ ❜r❡✈✐t②✱ ✇❡ ❛❜❜r❡✈✐❛t❡ a À b t❤❡ ✐♥❡q✉❛❧✐t② a ď Cb ❢♦r ♣♦s✐t✐✈❡ r❡❛❧ ♥✉♠❜❡rs a ❛♥❞ b ❛♥❞
❛ ❣❡♥❡r✐❝ ❝♦♥st❛♥t C ✇❤✐❝❤ ❝❛♥ ❞❡♣❡♥❞ ♦♥ t❤❡ ♠❡s❤ r❡❣✉❧❛r✐t②✱ ♦♥ µ✱ d✱ ❛♥❞ t❤❡ ♣♦❧②♥♦♠✐❛❧ ❞❡❣r❡❡✱ ❜✉t ✐s
✐♥❞❡♣❡♥❞❡♥t ♦❢ h ❛♥❞ λ✳ ❲❡ ❛❧s♦ ✐♥tr♦❞✉❝❡ t❤❡ ♥♦t❛t✐♦♥ a » b ❢♦r t❤❡ ✉♥✐❢♦r♠ ❡q✉✐✈❛❧❡♥❝❡ a À b À a✳

































❆ ❣❡♥❡r✐❝ ❝♦❧❧❡❝t✐♦♥ ♦❢ ❉❖❋s ❢r♦♠ Ukh ✐s ❞❡♥♦t❡❞ ❜② vh “
`
pvT qTPTh , pvF qFPFh
˘
❛♥❞✱ ❢♦r ❛ ❣✐✈❡♥ T P Th✱
vT “
`
vT , pvF qFPFT
˘
P UkT ✐♥❞✐❝❛t❡s ✐ts r❡str✐❝t✐♦♥ t♦ U
k
T ✳ ❋♦r ❛❧❧ T P Th✱ ✇❡ ❞❡✜♥❡ ❛ ❤✐❣❤✲♦r❞❡r ❧♦❝❛❧





d ❜② s♦❧✈✐♥❣ t❤❡ ❢♦❧❧♦✇✐♥❣ ✭✇❡❧❧✲♣♦s❡❞✮ ♣✉r❡




T vT ✐s s✉❝❤ t❤❛t
p∇sp
k
T vT ,∇swqT “ p∇svT ,∇swqT `
ÿ
FPFT





















pnTFbvF ´ vFbnTF q ✇❤❡r❡ ∇ss ✐s t❤❡ s❦❡✇✲s②♠♠❡tr✐❝ ❣r❛❞✐❡♥t ♦♣❡r❛t♦r✳ ❆❞❞✐t✐♦♥❛❧❧②✱ ✇❡




dpT q s✉❝❤ t❤❛t✱ ❢♦r ❛ ❣✐✈❡♥ vT P U
k
T ✱
pDkT vT , qqT “ p∇¨vT , qqT `
ÿ
FPFT
pvF ´ vT , qnTF qF @q P P
k
dpT q. ✭✺✮




T Ñ R s✉❝❤ t❤❛t






T vT qT ` sT pwT , vT q
(
` λpDkTwT , D
k
T vT qT , ✭✻✮




T Ñ R ✐s s✉❝❤ t❤❛t











T vT ´ vF qqF , ✭✼✮




d pT q ✐s ❞❡✜♥❡❞ s✉❝❤ t❤❛t✱ ❢♦r ❛❧❧ vT P U
k
T ✱
P kT vT :“ vT ` pp
k




T q. ▲❡t I
k
T : H
1pT qd Ñ UkT ❜❡ t❤❡ r❡❞✉❝t✐♦♥ ♠❛♣ s✉❝❤ t❤❛t✱ ❢♦r ❛❧❧ T P Th ❛♥❞






✳ ❚❤❡ ♣♦t❡♥t✐❛❧ r❡❝♦♥str✉❝t✐♦♥ pkT ❛♥❞ t❤❡ ❜✐❧✐♥❡❛r ❢♦r♠ sT ❛r❡
❝♦♥❝❡✐✈❡❞ s♦ t❤❛t t❤❡② s❛t✐s❢② t❤❡ ❢♦❧❧♦✇✐♥❣ t✇♦ ❦❡② ♣r♦♣❡rt✐❡s✿







T ` sT pvT , vT q » }∇svT }
2
T ` jT pvT , vT q, ✭✽✮




T Ñ R s✉❝❤ t❤❛t jT pwT , vT q :“
ř
FPFT
h´1F pwT ´wF , vT ´ vF qF .













À hk`1T }v}Hk`2pT qd . ✭✾✮






❚❤❡ ❞✐s❝r❡t❡ ♣r♦❜❧❡♠ r❡❛❞s✿ ❋✐♥❞ uh P U
k
h,0 :“ tuh P U
k






aT pwT , vT q “
ÿ
TPTh
pf , vT qT @vh P U
k
h,0. ✭✶✵✮
❚❤❡ ❢♦❧❧♦✇✐♥❣ ❝♦♥✈❡r❣❡♥❝❡ r❡s✉❧t ✇❛s ♣r♦✈❡❞ ✐♥ ❬✶❪✿
✷
❚❤❡♦r❡♠ ✶ ✭❊♥❡r❣② ❡rr♦r ❡st✐♠❛t❡✮✳ ▲❡t u P H10 pΩq
d ❛♥❞ uh P U
k
h,0 ❞❡♥♦t❡ t❤❡ ✉♥✐q✉❡ s♦❧✉t✐♦♥s t♦ ✭✶✮
❛♥❞ ✭✶✵✮✱ r❡s♣❡❝t✐✈❡❧②✱ ❛♥❞ ❛ss✉♠❡ u P Hk`2pΩqd ❛♥❞ ∇¨u P Hk`1pΩq✳ ❚❤❡♥✱ ❧❡tt✐♥❣ puh P Ukh,0 ❜❡ s✉❝❤ t❤❛tpuT :“ IkTu ❢♦r ❛❧❧ T P Th✱ t❤❡ ❢♦❧❧♦✇✐♥❣ ❤♦❧❞s ✭✇✐t❤ }vT }2a,T “ aT pvT , vT q ❢♦r ❛❧❧ vT P UkT ✮✿ÿ
TPTh
}uT ´ puT }2a,T À h2pk`1q `}u}Hk`2pΩqd ` λ}∇¨u}Hk`1pΩq˘2 . ✭✶✶✮











✸✳ ▲♦❝❛❧ ❡q✉✐❧✐❜r✐✉♠ ❢♦r♠✉❧❛t✐♦♥
❚❤❡ ❞✐✣❝✉❧t② ✐♥ ❞❡✈✐s✐♥❣ ❛♥ ❡q✉✐✈❛❧❡♥t ❧♦❝❛❧ ❡q✉✐❧✐❜r✐✉♠ ❢♦r♠✉❧❛t✐♦♥ ❢♦r ♣r♦❜❧❡♠ ✭✶✵✮ ❝♦♠❡s ❢r♦♠ t❤❡
st❛❜✐❧✐③❛t✐♦♥ t❡r♠ sT ✱ ✇❤✐❝❤ ✐♥tr♦❞✉❝❡s ❛ ♥♦♥✲tr✐✈✐❛❧ ❝♦✉♣❧✐♥❣ ♦❢ ✐♥t❡r❢❛❝❡ ❉❖❋s ✐♥s✐❞❡ ❡❛❝❤ ❡❧❡♠❡♥t✳ ■♥
t❤✐s s❡❝t✐♦♥✱ ✇❡ ✐♥tr♦❞✉❝❡ ♣♦st✲♣r♦❝❡ss❡❞ ❞✐s❝r❡t❡ ❞✐s♣❧❛❝❡♠❡♥t ❛♥❞ str❡ss r❡❝♦♥str✉❝t✐♦♥s t❤❛t ❛❧❧♦✇ ✉s t♦
❝✐r❝✉♠✈❡♥t t❤✐s ❞✐✣❝✉❧t②✳ ❋♦r ❛ ❣✐✈❡♥ ❡❧❡♠❡♥t T P Th✱ ❞❡✜♥❡ t❤❡ ❢♦❧❧♦✇✐♥❣ ❜✐❧✐♥❡❛r ❢♦r♠ ♦♥ U
k
T ✿
raT pwT , vT q :“ 2µ  p∇spkTwT ,∇spkT vT qT ` jT pwT , vT q(` λpDkTwT , DkT vT qT , ✭✶✷✮
✇❤❡r❡ t❤❡ ♦♥❧② ❞✐✛❡r❡♥❝❡ ✇✐t❤ r❡s♣❡❝t t♦ t❤❡ ❜✐❧✐♥❡❛r ❢♦r♠ aT ❞❡✜♥❡❞ ❜② ✭✻✮ ✐s t❤❛t ✇❡ ❤❛✈❡ st❛❜✐❧✐③❡❞ ✉s✐♥❣
jT ✐♥st❡❛❞ ♦❢ sT ✳ ❲❡ ♦❜s❡r✈❡ t❤❛t✱ ✇❤✐❧❡ ♣r♦✈✐♥❣ ❛ ❞✐s❝r❡t❡ ❧♦❝❛❧ ❡q✉✐❧✐❜r✐✉♠ r❡❧❛t✐♦♥ ❢♦r t❤❡ ♠❡t❤♦❞ ❜❛s❡❞
♦♥ raT ✇♦✉❧❞ ♥♦t r❡q✉✐r❡ ❛♥② ❧♦❝❛❧ ♣♦st✲♣r♦❝❡ss✐♥❣✱ t❤❡ s✉❜♦♣t✐♠❛❧ ❝♦♥s✐st❡♥❝② ♣r♦♣❡rt✐❡s ♦❢ jT ✇♦✉❧❞ ♦♥❧②
②✐❡❧❞ h2k ✐♥ t❤❡ r✐❣❤t✲❤❛♥❞ s✐❞❡ ♦❢ ✭✶✶✮✳ ❉❡♥♦t✐♥❣ ❜② }¨}ra,T t❤❡ ❧♦❝❛❧ s❡♠✐♥♦r♠ ✐♥❞✉❝❡❞ ❜② raT ♦♥ UkT ✱ ♦♥❡
❝❛♥ ♣r♦✈❡ t❤❛t✱ ❢♦r ❛❧❧ vT P U
k
T ✱
}vT }ra,T » }vT }a,T . ✭✶✸✮





raT pckTwT , vT q “ aT pwT , vT q ` p2µqjT pwT , vT q @vT P UkT , ✭✶✹✮











T q ˝ c
k
T . ✭✶✺✮
▲❡♠♠❛ ✷ ✭❊q✉✐❧✐❜r✐✉♠ ❢♦r♠✉❧❛t✐♦♥✮✳ ❚❤❡ ❜✐❧✐♥❡❛r ❢♦r♠ aT ❞❡✜♥❡❞ ❜② ✭✻✮ ✐s s✉❝❤ t❤❛t✱ ❢♦r ❛❧❧ wT , vT P U
k
T ✱
aT pwT , vT q “ pS
k
TwT ,∇svT qT `
ÿ
FPFT
pτTF pwT q, vF ´ vT qF , ✭✶✻✮






τTF pwT q “ S
k











Pr♦♦❢✳ ▲❡t rwT :“ ckTwT ✳ ❲❡ ❤❛✈❡✱ ✉s✐♥❣ t❤❡ ❞❡✜♥✐t✐♦♥s ✭✶✹✮ ♦❢ ckT ❛♥❞ ✭✶✷✮ ♦❢ t❤❡ ❜✐❧✐♥❡❛r ❢♦r♠ raT ✱





T rwT ,∇spkT vT qT ` jT prwT ´wT , vT q(` λpDkT rwT , DkT vT qT
“ pSkTwT ,∇svT qT `
ÿ
FPFT
pSkTwT nTF , vF ´ vT qF ` p2µqjT prwT ´wT , vT q,
✇❤❡r❡ ✇❡ ❤❛✈❡ ❝♦♥❝❧✉❞❡❞ ✉s✐♥❣ ✭✹✮ ✇✐t❤ w “ pkT rwT ✱ ✭✺✮ ✇✐t❤ q “ DkT rwT ✱ ❛♥❞ r❡❝❛❧❧✐♥❣ t❤❡ ❞❡✜♥✐t✐♦♥ ✭✶✺✮
♦❢ SkT ✳ ❚♦ ♦❜t❛✐♥ ✭✶✻✮✱ ✐t s✉✣❝❡s t♦ ✉s❡ t❤❡ ❞❡✜♥✐t✐♦♥ ♦❢ jT ✳
✸
▲❡♠♠❛ ✸ ✭▲♦❝❛❧ ❡q✉✐❧✐❜r✐✉♠✮✳ ▲❡t uh P U
k
h,0 ❞❡♥♦t❡ t❤❡ ✉♥✐q✉❡ s♦❧✉t✐♦♥ t♦ ✭✶✵✮✳ ❚❤❡♥✱ ❢♦r ❛❧❧ T P Th✱ t❤❡
❢♦❧❧♦✇✐♥❣ ❞✐s❝r❡t❡ ❝♦✉♥t❡r♣❛rt ♦❢ t❤❡ ❧♦❝❛❧ ❡q✉✐❧✐❜r✐✉♠ r❡❧❛t✐♦♥ ✭✷✮ ❤♦❧❞s✿
pSkTuT ,∇svT qT ´
ÿ
FPFT




❛♥❞ t❤❡ ♥✉♠❡r✐❝❛❧ ✢✉① ❛r❡ ❡q✉✐❧✐❜r❛t❡❞ ✐♥ t❤❡ ❢♦❧❧♦✇✐♥❣ s❡♥s❡✿ ❋♦r ❛❧❧ F P F ih s✉❝❤ t❤❛t F Ă BT1 X BT2✱
τT1F puT1q ` τT1F puT2q “ 0. ✭✶✾✮
Pr♦♦❢✳ ❚♦ ♣r♦✈❡ ✭✶✽✮✱ ❧❡t ❛♥ ❡❧❡♠❡♥t T P Th ❜❡ ✜①❡❞✱ t❛❦❡ ❛s ❛♥ ❛♥s❛t③ ❝♦❧❧❡❝t✐♦♥ ♦❢ ❉❖❋s ✐♥ ✭✶✵✮ vh “`
pvT qTPTh , p0qFPFh
˘
✇✐t❤ vT ✐♥ P
k
dpT q
d ❛♥❞ vT 1 ” 0 ❢♦r ❛❧❧ T
1 P ThztT u✱ ❛♥❞ ✉s❡ ✭✶✻✮ ✇✐t❤ wT “ uT
t♦ ❝♦♥❝❧✉❞❡ t❤❛t aT puT , vT q ❝♦rr❡s♣♦♥❞s t♦ t❤❡ ❧❡❢t✲❤❛♥❞ s✐❞❡ ♦❢ ✭✶✽✮✳ ❙✐♠✐❧❛r❧②✱ t♦ ♣r♦✈❡ ✭✶✾✮✱ ❧❡t ❛♥
✐♥t❡r❢❛❝❡ F P F ih ❜❡ ✜①❡❞ ❛♥❞ t❛❦❡ ❛s ❛♥ ❛♥s❛t③ ❝♦❧❧❡❝t✐♦♥ ♦❢ ❉❖❋s ✐♥ ✭✶✵✮ vh “
`
p0qTPTh , pvF qFPFh
˘
P Ukh,0
✇✐t❤ vF ✐♥ P
k
d´1pF q
d ❛♥❞ vF 1 ” 0 ❢♦r ❛❧❧ F
1 P FhztF u✳ ❚❤❡♥✱ ✉s✐♥❣ ✭✶✻✮ ✇✐t❤ wT “ uT ✐♥ ✭✶✵✮✱ ✐t
✐s ✐♥❢❡rr❡❞ t❤❛t ahpuh, vhq “ pτT1F puT1q ` τT2,F puT2q, vF qF “ 0, ✇❤✐❝❤ ♣r♦✈❡s t❤❡ ❞❡s✐r❡❞ r❡s✉❧t s✐♥❝❡




❚♦ ❝♦♥❝❧✉❞❡✱ ✇❡ s❤♦✇ t❤❛t t❤❡ ❧♦❝❛❧❧② ♣♦st✲♣r♦❝❡ss❡❞ s♦❧✉t✐♦♥ ②✐❡❧❞s ❛ ♥❡✇ ❝♦❧❧❡❝t✐♦♥ ♦❢ ❉❖❋s t❤❛t
✐s ❛♥ ❡q✉❛❧❧② ❣♦♦❞ ❛♣♣r♦①✐♠❛t✐♦♥ ♦❢ t❤❡ ❡①❛❝t s♦❧✉t✐♦♥ ❛s ✐s t❤❡ ❞✐s❝r❡t❡ s♦❧✉t✐♦♥ uh✳ ❈♦♥s❡q✉❡♥t❧②✱ t❤❡
❡q✉✐❧✐❜r❛t❡❞ ❢❛❝❡ ♥✉♠❡r✐❝❛❧ tr❛❝t✐♦♥s ❞❡✜♥❡❞ ✐♥ ✭✶✼✮ ♦♣t✐♠❛❧❧② ❝♦♥✈❡r❣❡ t♦ t❤❡ ❡①❛❝t tr❛❝t✐♦♥s✳
Pr♦♣♦s✐t✐♦♥ ✹ ✭❈♦♥✈❡r❣❡♥❝❡ ❢♦r ckTuT ✮✳ ❯s✐♥❣ t❤❡ ♥♦t❛t✐♦♥ ♦❢ ❚❤❡♦r❡♠ ✶✱ t❤❡ ❢♦❧❧♦✇✐♥❣ ❤♦❧❞s✿ÿ
TPTh
}ckTuT ´ puT }2a,T À h2pk`1q `}u}Hk`2pΩqd ` λ}∇¨u}Hk`1pΩq˘2 . ✭✷✵✮
Pr♦♦❢✳ ▲❡t T P Th✳ ❘❡❝❛❧❧✐♥❣ ✭✶✹✮✱ ✇❡ ❤❛✈❡
raT pckTuT ´ puT , vT q “ aT puT , vT q ` p2µqjT puT , vT q ´ raT ppuT , vT q
“ aT puT ´ puT , vT q ` p2µqsT ppuT , vT q ` p2µqjT puT ´ puT , vT q.
❍❡♥❝❡✱ ✉s✐♥❣ t❤❡ ❈❛✉❝❤②✕❙❝❤✇❛r③ ✐♥❡q✉❛❧✐t② ❢♦❧❧♦✇❡❞ ❜② t❤❡ st❛❜✐❧✐t② ♣r♦♣❡rt② ✭✽✮ ❛♥❞ ♠✉❧t✐♣❧❡ ❛♣♣❧✐❝❛t✐♦♥s
♦❢ t❤❡ ♥♦r♠ ❡q✉✐✈❛❧❡♥❝❡ ✭✶✸✮✱
|raT pckTuT ´ puT , vT q| ď  }uT ´ puT }2a,T ` p2µqsT ppuT , puT q ` p2µqjT puT ´ puT ,uT ´ puT q(1{2 }vT }ra,T
À
 
}uT ´ puT }2a,T ` p2µqsT ppuT , puT q(1{2 }vT }ra,T .
❯s✐♥❣ ❛❣❛✐♥ ✭✶✸✮ ❢♦❧❧♦✇❡❞ ❜② t❤❡ ❧❛tt❡r ✐♥❡q✉❛❧✐t②✱ ✇❡ ✐♥❢❡r t❤❛t






raT pckTuT ´ puT , vT q
}vT }ra,T À
 
}uT ´ puT }2a,T ` p2µqsT ppuT , puT q(1{2 .
❚❤❡ ❡st✐♠❛t❡ ✭✷✵✮ t❤❡♥ ❢♦❧❧♦✇s sq✉❛r✐♥❣ t❤❡ ❛❜♦✈❡ ✐♥❡q✉❛❧✐t②✱ s✉♠♠✐♥❣ ♦✈❡r T P Th✱ ❛♥❞ ✉s✐♥❣ ✭✶✶✮ ❛♥❞ ✭✾✮✱
r❡s♣❡❝t✐✈❡❧②✱ t♦ ❜♦✉♥❞ t❤❡ t❡r♠s ✐♥ t❤❡ r✐❣❤t✲❤❛♥❞ s✐❞❡✳
❚♦ ❛ss❡ss t❤❡ ❡st✐♠❛t❡ ✭✷✵✮✱ ✇❡ ❤❛✈❡ ♥✉♠❡r✐❝❛❧❧② s♦❧✈❡❞ t❤❡ ♣✉r❡ ❞✐s♣❧❛❝❡♠❡♥t ♣r♦❜❧❡♠ ✇✐t❤ ❡①❛❝t
s♦❧✉t✐♦♥ u “
`
sinppix1q sinppix2q ` 1{2x1, cosppix1q cosppix2q ` 1{2x2
˘
❢♦r µ “ λ “ 1 ♦♥ ❛ h✲r❡✜♥❡❞ s❡q✉❡♥❝❡ ♦❢
tr✐❛♥❣✉❧❛r ♠❡s❤❡s✳ ❚❤❡ ❝♦rr❡s♣♦♥❞✐♥❣ ❝♦♥✈❡r❣❡♥❝❡ r❡s✉❧ts ❛r❡ ♣r❡s❡♥t❡❞ ✐♥ ❋✐❣✉r❡ ✶✳ ■♥ t❤❡ ❧❡❢t ♣❛♥❡❧✱ ✇❡
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✐s t❤❡ s❛♠❡✱ t❤❡ ♦r✐❣✐♥❛❧ s♦❧✉t✐♦♥ uh ❞✐s♣❧❛②s ❜❡tt❡r ❛❝❝✉r❛❝② ✐♥ t❤❡ ❡♥❡r❣②✲♥♦r♠✳ ❚❤✐s ✐s ❡ss❡♥t✐❛❧❧② ❞✉❡ t♦
❢❛❝❡ ✉♥❦♥♦✇♥s✱ ❛s ❝♦♥✜r♠❡❞ ✐♥ t❤❡ r✐❣❤t ♣❛♥❡❧✱ ✇❤❡r❡ t❤❡ sq✉❛r❡ r♦♦ts ♦❢ t❤❡ q✉❛♥t✐t✐❡s
ř
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